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Impact of protein deficiency on venous
ulcer healing
Cécile Legendre, MD,a Clélia Debure, MD,a Sylvie Meaume, MD,b Catherine Lok, PhD, MD,c
Jean Louis Golmard, MD, PhD,e and Patricia Senet, MD,b,d Paris, Ivry sur Seine, Cedex, France
Objective: The prevalence of protein deficiency and its impact on wound healing is not known for leg ulcers. The aim of
this study was to determine the prevalence of protein deficiency in outpatients presenting with leg ulcers and the
parameter’s prognostic value for wound outcome.
Design of study: Prospective controlled observational study.
Setting: Ambulatory patients referred for chronic wounds to four university hospitals.
Methods: Consecutive out-patients with a leg ulcer present for at least 2 months, related to venous insufficiency, associated
or not with moderate peripheral arterial disease (ankle-brachial pressure index > 0.7), were included in a prospective
study. Wound evaluation (area and occurrence of complications) was performed at baseline and at 12 weeks of follow-up.
Biologic nutrition assessment (serum albumin, transthyretin, c-reactive protein) was performed at baseline. The control
group consisted of consecutive patients free of leg ulceration and attending the dermatology outpatient clinic for
remissive skin cancer or miscellaneous skin disorders.
Results: Forty one patients and 43 controls were included. Serum albumin level was under 35 g/L (normal values: 36-44
g/L) in 27% of the patients and 2% of the controls (P< .001). At 12 weeks, 34% of the patients had an increase in wound
area. Wound infections occurred in 12% (n  5) of the patients. Protein deficiency was independently associated with an
increase in wound area at 12 weeks (P  .034) and the presence of an inflammatory syndrome was associated with the
occurrence of wound complications (wound infection or hospitalization) during follow-up (P < .001).
Conclusion: The prevalence of protein deficiency in out-patients with leg ulcers is high and significantly associated with a
poor healing prognosis. ( J Vasc Surg 2008;48:688-93.)In Europe, the prevalence of leg ulcers varies between
0.2 and 1% of the population (depending on the country).
Leg ulcers are more common with age (with a peak preva-
lence between the ages of 60 and 80)1-4 and are character-
ized by a protracted course of healing and a high risk of
recurrence and infection.5 In addition to etiologic treat-
ment, consideration of comorbid conditions may also in-
fluence the course of healing. Several clinically significant
factors (including infections and dietary deficiencies in pro-
teins, vitamins, or minerals) are known to impede the
healing of acute wounds.6 In addition, inflammation and
cellular activity in the healing wound increase metabolic
demands and may thus require a higher protein intake.
Since undernourished or malnourished individuals have a
greater risk of complications during and after surgery, the
effect of protein deficiency and the advantage of nutrition
supplementation have been well documented in the case of
traumatic or surgical wounds6 but not yet in chronic
wounds such as leg ulcers. A few studies have suggested
that poor energy and nutriment intake are frequent in
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688elderly patients with venous leg ulcers,7,8 as are low serum
levels of vitamins A and E, carotene and zinc.9,10 In a
previous study, we observed a high prevalence of protein
deficiency in patients hospitalized for local and etiologic
treatment of leg ulcers.11 However, the prevalence of pro-
tein deficiency and its impact on the course of healing or on
the risk of infection is unknown in patients presenting with
leg ulcers in general and those in ambulatory practice in
particular.
The aim of this study was to determine the prevalence
of protein deficiency in outpatients presenting with leg
ulcers and the parameter’s prognostic value for wound
healing.
PATIENTS AND METHODS
Study design: This prospective, controlled, observa-
tional study was conducted in four centers (Charles-Foix
Hospital, Ivry sur Seine; Rothschild Hospital, Paris; Brous-
sais Hospital, Paris; Amiens University Medical Center,
Amiens) between May 2003 and May 2004. Its purpose
was to evaluate (i) the prevalence of protein deficiency in
ambulatory patients presenting with chronic leg ulcers and
(ii) the prognostic value of protein deficiency for wound
healing after 12 weeks of follow-up.
Participants: The study population consisted of con-
secutive outpatients with one or more leg ulcers related to
venous insufficiency (whether associated or not with con-
comitant, moderate arterial insufficiency). All patients un-
derwent standard treatment, including (i) appropriate com-
pression therapy as a function of the ankle brachial index12and (ii) local treatment with a non-adherent dressing (par-
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stage.
Patients were eligible if their leg ulcer covered more
than 1cm2 between the knee and malleoli and had been
present for at least 8 weeks. Venous disease was established
by clinical examination and confirmed with color venous
duplex imaging. Patients with concomitant arterial insuffi-
ciency were only eligible for inclusion if the ankle brachial
index was over 0.7 and if the condition was confirmed by
Doppler ultrasound.
The exclusion criteria included the presence of necrotic
angiodermatitis, vasculitis, connective disorders, malignant
disease, right heart failure, hepatic insufficiency, and sys-
tematic treatment with corticosteroids or cytotoxic agents.
Prior hospitalization or nutrition support within the previ-
ous 12 weeks also led to exclusion.
The control group consisted of consecutive patients
free of leg ulceration and attending the dermatology out-
patient clinic for remissive skin cancer or miscellaneous skin
disorders (seborrheic dermatitis and tinea).
Nutrition assessment. Patients and controls gave a
fasting blood sample for assessment of biochemical nutri-
tional indices, including serum concentrations of albumin,
transthyretin, C-reactive protein (CRP), orosomucoid and
hemoglobin. Protein deficiency was defined as an albumin
level below 35 g/L or a serum transthyretin level below
180mg/L13 and the condition was considered to be severe
if the albumin was below 30 g/L. An inflammatory syn-
drome was defined as a CRP level above 15 mg/L and/or
an orosomucoid level above 1.3 g/L. Anemia was defined
as a hemoglobin level below 12 g/dL for women and
below 13 g/dL for men.
Body mass index (BMI; weight/height2) was calcu-
lated for each patient on inclusion. Weight loss during the
previous 12 weeks was estimated by a questionnaire. Pa-
tients with a BMI below 18 kg/m2 (for the under-70s) or
20 kg/m2 (70 or over) and/or having lost more than 5% of
the body weight over the previous 12 weeks were consid-
ered to be at risk of malnutrition.14 Obesity was defined as
a BMI over 30 kg/m2.
Patients and controls were compared in terms of nutri-
tion data.
Assessment of wound outcome. Ulcer evaluation
was performed on inclusion and after 12 weeks of progres-
sion. The primary endpoint was the change in ulcer area at
12 weeks, when compared with the area on inclusion. In
order to calculate the ulcer area on inclusion and at 12
weeks, we used simple wound measurements (length times
width), which have been previously described as highly
correlated with planimetric wound measurements.15
Hence, the percentage area change was the “(final area –
initial area)/initial area” ratio.16 An unfavorable local out-
come was defined as an increase in the wound area at 12
weeks (percentage change in wound area  0).
The second endpoint was the occurrence of any com-
plications during the 12-week follow-up period, i.e.,
wound infection and/or hospitalization for wound man-
agement. Wound infection was defined as cellulitis occur-ring around the wound and requiring the administration of
systemic antibiotics.5
Statistical analysis
The case and control groups were compared using the
2 test and Fisher’s exact test for categorical variables and
Student’s test for quantitative ones. The relationship be-
tween quantitative variables in the case group was tested by
Spearman’s rank correlation test. Analyses of the outcome
criteria were performed in two steps: first, a univariate
analysis was used to test the relationships between each
criterion and potential prognostic factors using Fisher’s
exact test and Wilcoxon matched pairs test. In a second
step, multivariate, stepwise, logistic regressions were per-
formed: variables with a P-value .10 in the univariate step
were included as potential factors in the stepwise regres-
sion; the final models retained variables with P-values .05
in the Wald test.
RESULTS
Epidemiologic data. Forty-one patients and 43 con-
trols were included. No patients were lost to follow-up.
The mean age was 73  14 years. Thirty-three percent of
the patients also presented arterial insufficiency. The mean
ulcer area was 28  39 cm2: 41% of the patients had a
wound area greater than 10 cm2 and 27% had a wound area
greater than 30 cm2. The mean wound duration was 39 
41 months and 63% of the patients had suffered from
ulceration for more than 12 months. According to Margo-
lis’ criteria,17 88% of the enrolled patients had a poor
healing prognosis at 6 months. The patients and controls
did not differ significantly in terms of age, gender, BMI,
and the number of associated diseases. As expected, the
Activities of Daily Living (ADL) ability score18 was signif-
icantly lower in patients than in controls. Characteristics of
the two groups are summarized in Table I.
Nutritional data. The nutritional characteristics of
patients and controls are summarized in Table II.
According to the BMI values, 17% of the patients were
at risk of malnutrition and 37% were obese. In the 12 weeks
prior to inclusion, 20% of the patients had lost more than
5% of their body weight. The proportion of individuals with
a low BMI or weight loss was significantly higher in the
patient group (P  .03 for each criterion).
Protein deficiency (i.e., a serum albumin level below 35
g/L) was observed in 27% (n  11) of the patients (of
whom 10% had a severe deficiency) and 2% (n  1) of the
controls (P  .001). The frequencies of an inflammatory
syndrome and anemia were significantly higher in patients
than in controls (31 vs 2%, respectively, P  .001 for
inflammatory syndrome; 29 vs 12%, respectively, P  .049
for anemia).
The prevalence of an inflammatory syndrome in mal-
nourished patients was 55%.
Neither epidemiologic data (age, gender, number of
associated diseases, ADL score) nor wound characteristics
(duration, surface, presence of peripheral arterial disease)
differed according to the patients’ protein deficiency status.
sion, l
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nor wound duration were correlated with albumin (P .59
and P  .44, respectively) or transthyretin (P  .46 and
P  .72, respectively) levels on inclusion.
Outcome data. At 12 weeks, 66% of patients had a
favorable local outcome, i.e., 15% (n  6) had a com-
pletely healed leg ulcer and 51% (n  21) displayed a
decrease in wound area. An increase in wound area was
observed in 34% of the patients (n  14). Wound
infections occurred in 12% (n  5) of the patients. Four
patients were hospitalized for ulcer treatment (3 for local
wound care and 1 for wound infection).
An unfavorable local outcome was associated with two
variables in the univariate analysis (protein deficiency [P 
.007] and albumin level [P  .013]) (Table III) but only
protein deficiency was identified as the independent vari-
able (odds ratio [OR] 0.114 [0.024-0.543]; P .0034)
in the multivariate, logistic regression.
In the univariate analysis, the occurrence of wound
complications (wound infection and/or hospitalization)
was associated with a low BMI (P  .018), protein defi-
Table I. Epidemiologic characteristics of patients and con
Pat
N 
Age* 73
Sex-ratio (women/men) 27
Number of Associated diseases(1)* 1,12
ADL* 5,7
Wound duration (month)* 39
Wound duration  12 months 26/41
Area (cm2)** 14.98
Area  10 cm2 22/41
*mean (SD); **median (inter quartile); (1)Diabetes, heart failure, hyperten
Table II. Clinical and biological nutritional parameters in
Pa
n
BMI (kg/m2)
Women 26
Men 29,9
BMI
 18 kg/m2 before 70 years
 20 kg/m2 after 70 years 4/41
Loss of weight  5% 8/41
Serum albumin concentration (g/L)* 38,5
Transthyretin (mg/L)* 250
Protein deficiency 11/41
Haemoglobin (g/dL)
Women 12,3
Men 14
Anemia 12/41
CRP (mg/L) 16
Orosomucoïd (g/L) 1,14
Inflammatory syndrome 13/41
*Normal values. Serum albumin concentration: 36-45 g/L; Transthyretin
C-reactive protein.ciency (P .022) and albumin (P .015), CRP (P .047)and orosomucoid (0.035) levels (Table IV). However, in
the multivariate logistic regression, the only independent
factor predicting wound complications was the CRP level
(OR  1.105 [1.023-1.194]; P  .001).
DISCUSSION
To the best of our knowledge, this is the first prospec-
tive observational study to evaluate the prevalence of pro-
tein deficiency in ambulatory patients presenting with
chronic leg ulcers and in comparison with a control group.
The study also assessed the prognostic value of protein
deficiency for leg ulcer healing after 12 weeks of follow-up.
Compared with the control group, patients suffered from a
high prevalence of protein deficiency (27%). An unfavor-
able local outcome was significantly associated with protein
deficiency as an independent variable. In the multivariate
analysis, a higher wound complication rate was indepen-
dently associated with the CRP level.
The severity of our inclusion criteria and the low num-
ber of investigating centers account for the homogeneity of
the enrolled patients but also for the small sample size.
Controls
N  43 P-value
) 73 ( 10) ns
27/16 ns
78) 0,97 ( 0,85) ns
37) 5,9 ( 0,4) 0,04
) — —
) — —
) — —
) — —
iver disease, depression, renal failure. ns, not significant.
nts compared to controls
s Controls
n  43 P-value
,9) 26,6 ( 4,6) ns
,5) 28,4 ( 3,9) ns
) 0/43 0,029
) 1/43 (2%) 0,028
,5) 43,9 ( 4) 0,01
4) 265 (68) ns
) 1/43 (2%) 0,001
,4) 13,6 ( 0,8) 0,07
,9) 13,9 ( 1,3) ns
) 5/43 (12%) 0,049
7) 4 ( 4,6) 0,001
,41) 0,78 ( 0,25) 0,001
) 1/43 (2%) 0,001
ale 180-400 mg/L, Male 200-360 mg/L. BMI, body mass index; CRP,trols
ients
41
( 14
/14
( 0,
( 0,
( 41
(63%
(21.2
(54%patie
tient
 41
( 8
( 6
(17%
(20%
( 4
( 7
(27%
( 1
( 0
(29%
( 1
( 0
(31%
: FemDespite the lack of power, this preliminary study neverthe-
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associated with protein deficiency.
In a large, cross-sectional, European study, an albumin
level below 35 g/L was found in only 2.2% of the healthy,
elderly (aged 75 to 80) population living at home.13 This is
similar to the deficiency prevalence value of 2% that we
observed in the present study’s control population.
Despite the supposed role of malnutrition in cutaneous
healing, the prevalence of protein deficiency in patients
presenting with leg ulcers has been poorly studied in the
literature. Using the Mini Nutritional Assessment scale,
46% of ambulatory patients with open leg ulcers were found
to be at risk of malnutrition.7 In another cross-sectional
study, 44% of ambulatory patients with open leg ulcers of
arterial or venous origin had an albumin level below 38
g/L.8 In a previous study, we found a higher protein
deficiency prevalence (of up to 50%) in patients with leg
ulcers admitted to a hospital for local wound care; hy-
poalbuminemia was also significantly more frequent and
severe in elderly patients11 and rose to 57.8% of the patients
over-70. In the present study, the prevalence of protein
deficiency was lower but the included patients were living at
home. Overall, the prevalence of protein deficiency in
ambulatory patients presenting with leg ulcers is signifi-
cantly higher than in the healthy elderly population.
Low BMI values and recent weight loss were signifi-
cantly associated with hypoalbuminemia but protein defi-
ciency was not detected in over 50% of these cases, in
Table III. Wound outcome
Favorab
n  29
Age (years) 77 (66-87
Proportion of women 62%
Activity daily living Score (ADL) 6 (5.5-6
Weight (kg) 70.4 (66-87
BMI (kg/m2) 25 (22-31
BMI
 18 before 70 years
 20 after 70 years 14%
Weight loss  5% 21%
Wound duration (months) 30 (12-42
Wound area at inclusion (cm2) 17.2 (5.1-3
Wound area at 12 weeks (cm2) 14.86 (20.48
Deep venous insufficiency 28%
Peripheral arterial disease 34%
Diabetes 14%
Albumin level (g/L)* 39.8 (36-42
Transthyretin level (mg/L) 255 (210-3
Protein deficiency* 14%
Haemoglobin level (g/dL) 13 (12-14
CRP (mg/L) 9.5 (4.5-1
Orosomucoïd level (g/L) 1.02 (0.89-
Inflammatory syndrome 27%
Ferritine (g/L) 102 (70-21
BMI, body mass index.
Univariate analysis. Median (lower quartile-upper quartile) for quantitative
1inter quartile.
*significant at 5%.agreement with our previous results.11 Anthropometricmeasurements are probably less specific in a population
with leg ulcers, where the proportion of obese patients
reaches 20 to 30% in all the large, epidemiologic stud-
ies.19,20 Hence, anthropometric data measurement and the
personal weight loss history are probably not accurate
enough to enable identification of ambulatory patients who
may benefit from a laboratory nutrition assessment.
Large ulcer diameter (10 cm2) and long duration of
ulceration (12months) are predictors of poor healing and
a long healing time.17 In our study, 88% of the patients had
either a wound area of over 10 cm2 or an ulceration
duration of more than 12 months and 37% of the patients
had both. Indeed, this may account for the low complete
healing rate in our patients, after 12 weeks of standard care
and high-level compression. Wound area on inclusion was
not correlated with albumin or transthyretin levels. In
contrast, 55% of the malnourished patients had a concom-
itant inflammatory syndrome, as in our previous study.
These results may suggest protein deficiency caused by a
catabolic mechanism rather than direct loss of protein in the
wound exudate. None of the patients had a concomitant
infection on inclusion, so the high prevalence of an inflam-
matory syndrome in this study appears to be related to the
sole presence of a wound. Moreover, the occurrence of
wound complications was independently associated with
CRP levels.
Only retrospective studies on the prognosis of leg ulcer
healing are available and none of these assessed the impact
Unfavorable
n  12 P-value
80 (64-82) 0.842
75% 0.493
6 (5.25-6) 0.590
80.4 (54.8-107) 0.589
29.8 (20-32) 0.608
3 0.398
17% 0.330
27 (11.5-62.5) 0.989
9.17 (7.21-18.4) 0.522
6.8 (23.68)1 —
17% 0.720
33% 0.940
0% 0.420
35.5 (34-10-37.63) 0.013
235 (173-285) 0.482
58% 0.007
13 (11.6-13.6) 0.716
13 (6.5-30) 0.250
1.21 (0.93-1.62) 0.405
42% 0.476
118 (41-155) 0.367
les and proportion for categorical variables.le
)
)
)
)
)
6)
)1
.4)
00)
)
6.5)
1.15)
8)
variabof protein deficiency in a longitudinal study.16,21 Our
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healing in patients with leg ulcers, as has already been
demonstrated for patients presenting with decubitus ul-
cers,22 severe burns,23 and surgical wounds,24 however,
this preliminary study was under-powered for evaluating
the prognosis factors associated with complete healing.
CONCLUSION
In summary, the prevalence of protein deficiency was
higher in outpatients presenting with leg ulcers than in the
general population of the same mean age, whatever the
wound area and the leg ulcer duration. In half of the cases,
protein deficiency was associated with an inflammatory
syndrome – indicating potentially higher metabolic de-
mands related to the inflammation and cellular activity in
the healing wound rather than direct protein loss in the
wound exudate. Given that anthropometric measurements
failed to detect protein deficiency in the study population, it
appears to be justified to systematically suggest a laboratory
nutrition assessment (including the determination of serum
albumin, transthyretin and CRP levels) to patients with leg
ulcers. In the present preliminary study, protein deficiency
was strongly associated with a poor healing prognosis and
the occurrence of wound complications was associated with
the presence of a concomitant inflammatory syndrome
(measured by the CRP level). Increasing protein intakemay
be valuable in malnourished patients with leg ulcers, al-
though the efficacy of this type of supplementation remains
Table IV. Wound complications (infection and/or hospit
Complica
n 
Age (years) 77.5 (68-8
Proportion of women 87%
Activity daily living Score (ADL) 5.75 (5.25
Weight (kg) 58.6 (43.5
BMI (kg/m2) 19.5 (16.7
BMI*
 18 before 70 years
 20 after 70 years 50%
Weight loss 37%
Wound duration (months) 20.5 (8.5-
Wound area at inclusion (cm2) 13.4 (7.64
Wound area at 12 weeks (cm2) 35 (31.5
Deep venous insufficiency 37%
Peripheral arterial disease 25%
Diabetes 12%
Albumin level (g/L)* 34.8 (32.6
Transthyretin level (mg/L) 205 (126
Protein deficiency* 62%
Haemoglobin level (g/dL) 12.45 (10.7
CRP (mg/L)* 35.25 (8-61
Orosomucoïde level (g/L)* 1.78 (1.1-
Inflammatory syndrome 62%
BMI, body mass index.
Univariate analysis. Median (lowerquartile-upper quartile) for quantitative
1inter quartile.
*significant at 5%.to be evaluated.We thank Kate Bia and David Fraser for reading and
revising the manuscript.
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